Self Assembled (SA) thin films and Langmuir -Blodgett (LB) thin films are emerging technologies for the development of chemical and bio-chemical sensors, electrooptic films, second harmonic generators (frequency doublers), templates for biomimetic growth etc.. However, the growth of these technologies is dependent on the development of our understanding and control of the molecular arrangement of these films. This is not trivial since SA and LB films are essentially two-dimensional monolayer structures. One of the goals of this project was to extend Sandia's characterization techniques and molecular modeling capabilities for these complex twodimensional geometries with the objective of improving our control of the fabrication of these structures for specific applications. Achieving this requires understanding both the structure throughout the thickness of the films and the in-plane lattice of the amphiphilic molecules. To meet these objectives we used atomic force microscopy (AFM), X-ray reflectivity, and molecular modeling.
SUMMARY
Self assembled and Langmuir -Blodgett films have been the focus of intense investigation in recent years. This results from the plethora of possible applications for these unique two-dimensional structures. Applications include chemical and biochemical sensors, electrooptic films, second harmonic generators (frequency doublers), and templates for biomimetic growth. However, wide spread use of these films is limited because characterization and control of their two-dimensional geometries has proven evasive. The goal of this research project was to develop a capability for the molecular level characterization, modeling and fabrication of SA and LB films for possible applications in the previously mentioned areas. A farther term objective is to use these new capabilities to improve our control of the fabrication of thin films for specific applications.
The project was completed within three different materials systems and is discussed in detail in Appendices A-C. The project was successful in developing capabilities for fabrication and characterization of self assembled thin film structures in general. However, extensive modeling of the structures proved evasive and is not discussed in detail. The most interesting characterization was completed using atomic force microscopy (AFM) and x-ray reflectivity. The AFM can be used to study local features rather than relying on data averaged over large areas to provide information of molecular ordering. This allows the study of the in-plane structure such as local ordering, defect structures, as well as grain boundaries. X-ray reflectivity can provide detailed structural information throughout the thickness of these films.
Appendix A discusses the formation, characterization, and utility of OTS SAMs on PZT substrates. This is a novel development. Appendix B discusses the fabrication and characterization of CdS thin films that were formed by using LB film templated (i.e., biomimetic) growth in the presence of electric fields. This is another novel development. Finally, the utility of x-ray reflectivity for studying the out-of-plane structure of SAMs and LB films is demonstrated in Appendix C for films deposited on silicon wafers.
In general, the SAMs studied were octadecyltrichlorosilane on silica and hexadecyl mercaptan on gold. The LB films were cadmium arachidate. The following pages highlight the fabrication procedures for the LB films. More detail is provided in the appendices. 
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Introduction
Thin, conformal, crystalline films of cadmium sulfide (CdS), a II-IV semiconductor compound, are of interest as functional components in a variety of opto-electronic devices such as solid state lasers and detectors, [1] solar cells, [2, 3, 4] and optical memories. [2] Methods for generating these films have included chemical vapor deposition, [5] plasma sputtering, [6] electrodeposition, [7] and precipitation. [2, 3, 4] Techniques for preparing films based on heterogeneous crystallization from liquid solutions have several potential advantages over vapor phase deposition techniques including the ability to form crystalline films at low temperature over large area substrates. The ability of organic functional groups to facilitate and mediate heterogeneous nucleation from aqueous solutions at solid substrate [8, 9] also has the potential to enhance uniform nucleation (crystallite type, orientation and distribution) of CdS and thus lead to superior performance of thin films in device applications. For example, Langmuir-Blodgett (LB) films have been investigated extensively for the controlled nucleation of CdS and have been demonstrated to be useful for the formation of nanoparticles of CdS. One particularly effective methodology for the formation of planar arrays of Q-state particles of CdS has been the exposure of LB films comprised of cadmium arachidate layers to gaseous H 2 S. [10, 11, 12] We have examined several methods for template-directed heterogeneous crystallization of CdS and present here a report of preliminary work on a new technique that has produced uniform thin films of CdS through relatively short deposition times. The technique is an extension of that described by Fatas et al. [7] for the in situ generation of low concentrations of Cd 2+ and S 2-by alternating current electrolysis and the subsequent formation of thin CdS films from these precursors. We have examined the effectiveness of several schemes for improving the quality of thin films produced by this technique by the use of template-directed nucleation at the surface of various types of LB films. LB films were prepared by several methods by dipping of gold-coated silicon wafers that had been rendered hydrophobic by the formation of self-assembled monolayers (SAMs) by reaction of the gold surface with HS(CH 2 ) 15 CH 3 . [13, 14] The primary characterization techniques we have employed thus far in our studies (atomic force microscopy, optical microscopy and energy dispersive X-ray analysis of film composition) suggest that when combined with in situ electrochemical generation of ionic precursors for CdS, organic templateassisted heterogeneous precipitation of CdS at electrode surfaces is a simple, quick method of generating thin films of CdS in which deposition is restricted primarily to areas of the electrode surface modified with organic template moieties.
Experimental
Materials
Chemicals used were arachidic acid (Aldrich Chemical Co., Milwaukee WI), hexadecyl mercaptan (Sigma, St. Louis MO), cadmium chloride (Aldrich), sodium bicarbonate (Fisher, Pittsburgh PA), sodium chloride (J.T. Baker, Phillipsburg NJ), sodium thiosulfate 5-hydrate (J.T. Baker), ammonium sulfate (J.T. Baker), and cadmium sulfate (J.T. Baker). All chemicals were used as received. Silicon wafers (100) (MEMC Electronic Materials Inc., Malaysia) were used as substrates for the gold films. Gold films (600 to 1000 Å) were deposited by thermal evaporation of gold (99.999%, Academy Precision Materials, Albuquerque NM) under vacuum onto silicon wafers that had previously been B -3 coated with an adhesion promoter (50 Å of chromium). Samples for use in LB film deposition were treated with dilute ethanolic solutions (1 mM) of hexadecyl mercaptan to form a hydrophobic self-assembled monolayer. A platinum film (~1000 Å) on a silicon wafer was used as a counter electrode in electrochemical generation of CdS precursors.
Langmuir-Blodgett Films
The Langmuir-Blodgett films of cadmium arachidate were deposited from a Nima 2011 Langmuir trough. For the 3-layer and 4-layer LB films, the subphase was prepared by adding cadmium chloride to deionized water (18.2 MΩ/cm) such that the final concentration of cadmium was 1×10 -4 M. The pH of the subphase thus prepared was 5.5 and was not further adjusted. To obtain more uniform templating surfaces (see Results and Discussion), 5-layer LB films were also investigated. For 5 layer LB films, the subphase cadmium concentration was 2.5×10 -4 M and the pH of the subphase was adjusted to 6.5-7.0 by addition of 0.1M NaHCO 3 solution. For all depositions, the barrier speed was set to 50 cm 2 /min for compression and the deposition pressure was 30mN/m. The upward and downward dipping speeds of the hydrophobic substrate were 1.6mm/min.
LB films comprised of 3, 4 and 5 layers of Cd-arachidate were investigated. The 4-layer LB film had a hydrophobic outer surface and was transferred from the LB trough to the deposition solution directly. The 3 and 5 layer LB films had hydrophilic surfaces and thus were not stable when exposed to air. [13] We therefore transferred the substrate under water (in a small beaker) from the LB trough to the deposition solution.
Deposition of Cadmium Sulfide
CdS deposition solutions were made according to the method of Fatas, et al. Solutions A and B were mixed in a 1:3 ratio by volume. During the film deposition under reducing potentials, S was reduced to S 2-by the following reaction:
A potentiostat (EG&G, Princeton Applied Research Model 173) was used to produce alternating positive and negative square wave potentials on either the electrode coated with the LB film or on the uncoated electrode relative to a ground electrode. The reference electrode was combined with the counter electrode from the potentiostat to form the "charged" electrode which was subjected to the voltage cycles relative to the working ("ground") electrode. For all depositions, the same solution concentrations were used (as described above) and the duration in the voltage cycle of the positive voltage was 2 s, while that of the negative voltage was 1 s. Several potentials (positive and negative) and deposition times were examined. The optimized deposition conditions are reported herein. For the depositions onto 3-and 4-layer LB films, the ground electrode was a bare platinum film, while the charged electrode was the gold film covered with the SAM and the LB film. In these depositions reduction of S to S 2-thus occurred at the gold electrode (presumably at defect sites in the SAM covering the electrode). For the deposition onto the 5 layer LB film, the electrodes were reversed and the bare Pt film was used as the charged electrode and the gold film coated with the LB film was the ground electrode. In this case, the reduction of sulfur occurred at the bare platinum electrode and thus may have resulted in an increased concentration of S 2-relative to the depositions on 3 and 4 layer LB films.
Analysis of CdS Films
The CdS films were examined with an atomic force microscope from Digital Instruments Inc. (model: Nanoscope II). Direct contact imaging was done both in height mode and in force mode, and both types of images are presented herein. In general, height mode images reveal information on the vertical topography of the surface of the films and was used herein to estimate the thickness of conformal films, while force mode provides sharper images of features on the surface of the films and was used in high resolution imaging. [15] For imaging at low magnifications, the scanning speed was 2.48 Hz. No data filtering was used during scanning. The integral, proportional, and 2D gains were tuned to the highest possible values for the height mode, but the lowest possible values for the force mode. [15] At high magnification, the AFM was used to image the crystalline lattice of the deposited CdS. For these experiments, the AFM was calibrated versus a standard mica sheet. To minimize thermal and mechanical drifts of the microscope, the scanning was performed for at least two hours before taking the image and scanning was conducted at a high speed (39.06 Hz) and on a relatively large area (32x32 nm 2 ). The force mode was used and during data collection the input, high pass, and low pass filters were off. To obtain the high resolution image of the crystalline lattice of CdS ( Figure 4B ), the raw data ( Figure 4A ) was subjected to a 2D Fourier transform and principal wave numbers thus obtained were selected and used to perform an inverse 2D Fourier transform to result in the filtered image of the crystalline lattice.
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The CdS films were also examined by optical video microscopy using a Nikon Optiphot 66 and image analysis system. Films were characterized using energy dispersive X-ray analysis (EDAX) using an AMRAY 1500 scanning electron microscope.
Results and Discussion
We examined a variety of deposition conditions and configurations and present below a synopsis of the results from four different types of deposition experiments that demonstrate the utility of organic templates in influencing CdS film formation during electrodeposition. Table 1 lists the experimental codes and conditions for the four different types of depositions we will discuss below. Deposition conditions varied in the nature of the deposition surface examined, in deposition time, and in the magnitude of the alternating voltage used. For each deposition surface (e.g., organic template vs. noninteracting functional group), the deposition conditions for the experiments presented were those found by trial and error optimization to give rise to rapid deposition (when deposition occurred at all) of CdS films. Figure 1 shows schematic diagrams of the electrodeposition cells used in the various deposition experiments. In all depositions, the left electrode (referred to as the charged electrode) was subjected to an alternating (square wave) potential cycle relative to the ground electrode (right) to effect the deposition (see Table 1 for voltage magnitudes and durations and the total deposition times). A. Deposition cell used for the BARE-AU, 3-LB, and 4-LB experiments. For the BARE-AU experiment, no SAM or LB film was present on the left electrode. For the 3 -LB experiments, a 3 layer LB film, terminated with cadmium carboxylate groups, was deposited on a portion of the left gold electrode, whose entire surface had been subjected to modification by formation of a SAM of hexadecane thiolate. For the 4-LB experiments, a 4 layer LB film, terminated with methyl groups, was deposited on the SAM-modified gold electrode.
B. Deposition cell used for the 5-LB experiments. For these experiments, the gold film was used as the right (ground) electrode. The ground electrode was modified first by formation of a SAM, and then by formation of a 5 layer LB film, terminated in cadmium carboxylate groups, on a portion of the electrode surface. Note that in all cases, other ionic species (see Experimental section) were also present in the deposition solution.
Electrodeposition of CdS
Initial experiments focused on examining CdS films formed in a deposition cell similar to that used by Fatas et al. [7] We used alternating voltage cycles, and deposition times that had previously been shown by cyclic voltammetry to be sufficient for the electrolytic formation of low concentrations of S 2-. [7] The basic setup for these depositions (referred to as BARE-AU), which were performed on a bare gold electrode (i.e., not modified with a SAM or an LB film) is indicated in Table 1 and in Figure 1A . Figure 2 shows an optical micrograph of the material deposited in the BARE-AU experiment. After 1 min, sparse amounts of material were observed to deposit on the bare gold electrode. Deposition was restricted primarily to the surface of the charged electrode, suggesting a deposition mechanism influenced by the electrochemical nature of the deposition cell. Deposited material exhibited uneven coverage of the gold surface, and when removed from solution and dryed, exhibited poor adhesion to the electrode surface. (Particles were removable from the surface by light blowing.) In the remainder of experiments, we attempted to identify deposition conditions that took advantage of the biomimetic, template-assisting qualities of carboxylate-terminated LB films for producing deposited films with superior qualities (conformal coverage, crystallinity, adhesion). [8, 9] 
Template-Assisted Electrochemical Deposition of Crystalline CdS
The first template-assisted depositions investigated (referred to as 3-LB) were ones in which the gold film used as the charged electrode was modified first by the reaction of the gold with HS(CH 2 ) 15 CH 3 to form a hydrophobic SAM, and then by forming a threelayer LB film of cadmium arachidate on a portion of the electrode. This procedure resulted in a surface of exposed cadmium carboxylate groups for use as templates for nucleation of CdS (see Figure 1A) . Electrochemical deposition at this modified electrode was then performed under conditions (voltage cycles, duration) similar to those used in the BARE-AU deposition.
Figures 3A and 3B show optical and atomic force micrographs, respectively, of CdS deposited under the 3-LB conditions at the boundary region of the electrode between areas that were, and were not, modified with the three-layer LB film. These micrographs show that deposited material was restricted primarily to the surface of the LB film and that this material consisted of roughly evenly spaced clusters that were ~ 1 µm in lateral dimension. Analysis of this sample by energy dispersive X-ray analysis (EDAX) suggested that the material formed on the LB film was composed of cadmium and sulfur. Elements (Na, Cl, O, N) of other ions present in the deposition solution were not detected. No cadmium or sulfur was detected on the surface of the SAM. The CdS formed on the surface of the LB film exhibited better adhesion than that produced from the BARE-AU deposition, and in general the deposition rate was higher for the template assisted deposition than for the BARE-AU deposition. These results suggest a template-mediated deposition mechanism on the surface of the LB film. Table 1 for experimental conditions (BARE-AU). Figure 3C is an atomic force micrograph of a typical single particle of CdS formed by the 3-LB depositions. The micrograph shows that the particles formed were layered in structure and suggest that the particles were crystalline. This was later confirmed by high resolution AFM (see Figure 4 below). AFM imaging in height mode (micrograph not shown) suggested an average crystallite thickness of ~30 nm for this sample and that the average single layer thickness was 7Å. It is interesting to note that the average crystallite thickness (30 nm) and the layer thickness (7Å) suggest that ~40 layers were deposited in each crystallite of CdS. This number of layers is approximately equal to twice the number of voltage cycles performed during the 1 min deposition. This result may suggest an influence of the electric field created during the voltage cycling on the deposition mechanism. We have no additional data to support this possibility at this time, however, but we plan to continue investigation of the deposition mechanism.
At this point it is important to note that, although deposition under the 3-LB experimental conditions was repeated carefully several times, the resultant films were highly variable (i.e., exhibited wide differences in deposition amount). When substantial material was indeed deposited, the micrographs shown in Figure 3 Fig. 3A. C. An atomic force micrograph (force mode imaging, higher magnification than 3B) of an individual, layered crystallite of CdS formed on the 3 layer LB film. The background roughness observed is probably at least partially due to the structure of the surface of the gold electrode. Figure 4 shows a high resolution atomic force micrograph of the crystalline lattice on the surface of a typical crystallite formed in the 3-LB depositions. Fig. 4A presents the raw data (force mode) obtained through the high resolution imaging and Fig. 4B presents the image of the crystalline surface after the raw data was subjected to a Fourier transform filtering protocol. [15] When taken together with the results of the elemental analysis performed, the images obtained by high resolution AFM suggest that the deposited material is indeed crystalline CdS and that the crystals are oriented with a centered rectangular crystalline face parallel to the surface of the LB film. The centered rectangular lattice observed (4.67 X 7.16Å) is similar to that previously published for the (110) crystalline face of the greenockite polymorph of CdS (4.14 x 7.17Å). [16] This data suggests that the template-assisted deposition conditions may be capable of producing uniformly crystalline thin films of CdS, and that the crystalline phase obtained by template-assisted electrochemical deposition may be slightly different from naturallyoccuring phases.
Although the crystallite imaged in Figure 3B was typical of those observed for the 3-LB depositions, other layered and non-layered structures were also observed. Figures 5A and 5B show atomic force micrographs of another type of layered crystallite produced in the 3-LB depositions. In these crystalline structures, the primary layered structure appears not to be parallel to the electrode surface. Comparison of Figure 5A , acquired from the structure initially, to Figure 5B , taken after repeated scanning of the sample, shows the ability of the AFM tip to remove successive layers of the stratified material.
While it may be that the material imaged in Figs. 5A and 5B, has the same crystallographic structure as the CdS imaged in Figures 3 and 4 , the material imaged in Fig. 5C appears to be a different form of CdS, or perhaps another material entirely. The material shown in Fig. 5C constituted the most conspicuous minor component of the material deposited in the 3-LB depositions. Features with this sort of morphology, which were typically much larger than the major component shown in previous figures (compare scales in 5C with 5A and 5B), constituted less than one percent of the deposited structures. These structures showed no clear layered morphology, and we were unable to obtain a crystalline lattice upon imaging at high resolution with AFM. The fact that the vast majority of deposited crystallites were of similar size and morphology and that these other minor constituents of larger size were present at much lower concentration suggests that template-assisted deposition may be used to deposit crystalline materials with very narrow particle size distributions. 3C . B. Change in the structure of the feature shown in 5A after prolonged scanning under AFM. This micrograph shows that the AFM can affect the structure of the crystallites. In this case, AFM resulted in the removal of layers of the crystalline material (compare Figs. 5A and 5B). C. Structure of a minor constituent produced in the 3-LB depositions. In contrast to the structure of crystallites observed as the major constituent of the deposited material (see for example Fig. 3C and Figs. 5A and 5B), these structures (typically much larger than the crystallites constituting the major component) were observed only infrequently; less than one percent of the deposited features exhibited this structure.
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In order to further examine the hypothesis that the carboxylate groups on the surface of the 3-LB samples were indeed participating in template-assisted deposition, we performed an experiment (4-LB) which used deposition conditions similar to those used for the 3-LB experiments, with the exception that the charged electrode was covered with a four layer LB film. The outer surface (interfacing with the deposition solution) of this LB film is terminated in hydrophobic methyl groups. Under the conditions (voltage cycle, deposition time) used for the 3-LB depositions, no easily detectable amounts of material were formed, either on the LB film or on the SAM. Only after the amplitude of the voltage cycle (+ 1.75 V) and the deposition time (5 min) were increased, did detectable amounts of material become deposited. Figure 6 shows an optical micrograph of the boundary region between the LB film and the SAM underlayer of such a sample after it had been subjected to the 4-LB conditions. It is clear that under similar deposition conditions to those used in the 3-LB experiment, an LB film terminated with hydrophobic methyl groups (4-LB) inhibited the crystallization of CdS. On the areas of the electrode covered with only the SAM, only sparse amounts of material were deposited, presumably at defect sites. These results when taken together with those presented above, strongly suggest a nucleation or deposition mechanism that is mediated by the carboxylate or carboxylic groups on the surface of the 3 layer LB films. Figure 6 . An optical micrograph of a portion of a 4 layer LB film (terminated in methyl groups) and a portion of a SAM after they had been subjected to conditions that produced deposition of crystalline CdS particles on 3 layer LB films. See Table 1 for deposition conditions (4-LB).
LB 100 µm
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Conformal CdS Thin Films Produced By Template-Assisted Electrochemical Deposition.
The final deposition conditions investigated used information gained in previous experiments to obtain uniform thin films of CdS by template-assisted electrochemical deposition. 5-layer LB films terminated in cadmium carboxylate groups were fabricated and used as templating surfaces. 5-layer LB films are thought to be, in general, more ordered on a molecular level than three layer films, [17] and our aim was to obtain as uniform a templating surface as possible in order to enhance uniform nucleation and crystallization of CdS. [18] The dipping conditions for forming the LB films (concentration of Cd 2+ , pH) were also adjusted to values known to produce more ordered LB films (see Experimental section). Furthermore the LB films (formed on a SAM-modified Au film) were deposited onto gold electrodes that were now used as the ground electrodes in the deposition cell. A bare platinum electrode was used as the charged electrode so that reduction of S to S 2-proceeded unhindered by a dielectric SAM or LB layer. Figure 1B gives the schematic of the deposition setup for the 5-LB depositions (see also Table 1 ). Figure 7 shows that, by making these changes, we were able to fabricate conformal thin films of CdS by template-assisted electrochemical deposition at relatively high deposition rates on the LB films. Furthermore, these deposition conditions (summarized in Table 1 ) produced a high level of reproducibility in making these thin films. Figures 7A and 7B show optical and atomic force micrographs, respectively, of the boundary region between the LB film-covered area of the electrode and the area of the electrode that was modified with only a SAM. These micrographs indicate that the amount of material deposited was much greater on the 5 layer LB film than on the hydrophobic SAM and, that uniform conformal thin films were deposited on the 5 layer LB films. EDAX suggested that the material that was deposited on the LB film was CdS, in that Cd and S were detected while no other elements (Na, Cl, O, N) from ions in the deposition solution were detected. AFM measurements (height mode, data not shown) of this boundary region indicated that the average thickness of the deposited film was ~40 nm.
Although the fact that the deposited material (presumably CdS) was restricted primarily to the LB film area suggested a template-mediated deposition mechanism, the morphology (particle shape and surface features, see Figure 7C ) of the material was different from that of the crystalline CdS deposited in the 3-LB depositions. Furthermore, we were not able to obtain an image of the crystal structure of the surface with AFM as we did for the 3-LB sample. We are currently investigating further the possible structure and the deposition mechanism of the CdS thin films obtained under the 5-LB deposition conditions. One possibility is that the higher S 2-concentration produced in the 5-LB depositions favored homogeneous nucleation of CdS and the deposited film is composed, at least in part, of crystallites nucleated in solution. These crystallites, perhaps deposited by a physical adsorption mechanism, would be less likely to have uniform crystallographic orientations than crystallites that nucleated on the underlying, ordered LB film. 
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Conclusions
We have devised a method for template-assisted electrochemical deposition of CdS that produced adherent, conformal thin films with relatively fast deposition rates when compared to other solution precipitation methods. The methods described may form a route to the deposition of crystalline, uniform, thin CdS films that exhibit crystallographic orientations that are dictated by an underlying organic template where nucleation occurs.
Work is ongoing in our group to examine the mechanisms of deposition for the formation of such films. Emphasis in this work includes the investigation of possible cooperative assembly between the LB templates and the nucleated CdS crystals, and the effects of electric fields on the crystallization process. In addition, we are continuing to characterize the structures of CdS films deposited in this manner. Current efforts include analysis by transmission electron microscopy, X-ray diffraction and atomic force microscopy. Sandia National Laboratories SUMMARY X-ray reflectivity is a technique that measures the intensity of scattered x-rays that have been reflected from a surface at very small angles. This technique is very useful for determining the detailed structure of thin molecular films. However, there are limitations of this technique: 1) the structural information that is gleaned from this technique is primarily for structure throughout the thickness of the films. That is, the out-of-plane structure that is perpendicular to the substrate; 2) the structural information yields averaged information for the entire analysis area; and 3) The film structure does not come directly from the reflectivity data. An end user must guess what the actual structure may be and then use a model to calculate a reflectivity curve. If the calculated values fit the experimental data then it is assumed that the guessed structure is the actual structure. This may not be totally satisfying in that you may never be absolutely certain that there is a unique structural solution. However, in reality, the probability of having several solutions to one reflectivity curve is very low. In order to fit a reflectivity curve, four parameters must be used for each uniform layer within the structure and calculated curves vary greatly as each parameter is varied. The variables are thickness, roughness, and two parameters related to how the layer scatters x-rays.
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The work described below is for the study of Langmuir Blodgett (LB) films of Cd-arachidate on silicon wafers. Cd-arachidate films up to 10 layers were analyzed. The structure of the LB films is actually comprised of several layered components. The silicon wafers have a native oxide layer that is 15Å thick. The native oxide is then rendered hydrophobic by chemically attaching a self assembled monolayer of octadecyltrichlorosilane. The Cd-arachidate LB films are then applied. For detailed analysis, each layer within the structure must be analyzed sequentially. The structure of the 15Å thick native silicon oxide had to be determined first. Then, the oxide/silane together and then the oxide/silane/LB structures. Details of this work are presented in the tables and Figures below. The main contribution of this work is that it was determined that knowing the scattering information for a single molecular species was not enough to fit the reflectivity data. Individual segments within molecules had to be accounted for. With that completed, relatively good fits were obtained and detailed information for the out-of-plane structure of Cd-arachidate on silicon was derived. In order to obtain a detailed model of the LB film, including in-plane structure, x-ray reflectivity should be coupled with other characterization techniques.
X-ray Reflectivity X-ray Reflectivity The gas that is formed must be allowed to exit the bottle. Failure to remove the cap fast enough may result in the bottle exploding due to gas pressure 5) Place the cap on, shake the bottle, and quickly remove the cap. Repeat this for at least 15 minutes. The reaction will slow down after a while, becoming less exothermic. 6) Pour the "Pirhana solution" into the appropriate waste bottle 7) Rinse the bottle with DI water straight from the faucet for at least 5 minutes 8) The bottle is clean when the bubbles that form from shaking the bottle disappear from the water. If the bubbles stay on the surface, then the bottle still contains organic ontaminants. The bottle can be used for the next 6 months without recleaning 
Using the Nima Langmuir-Blodgett Trough
Preparation of the Trough 1) The surface of the trough, and all the parts of the trough which will be in contact with the subphase should be wiped with a Kimwipe soaked in isopropanol(wearing polyethylene gloves) 2) The trough should now be wiped with a Kimwipe soaked in DI water 3) The barriers should be attached, with the end of the barrier touching the outside edge of the trough 4) The pressure sensor is then attached. Take an "S" hook, and hook it to the pressure sensor wire. Attach the long copper colored wire to the other end, and attach another "S" hook to the other end of the copper wire. Then attach the Wilhelmy plate to the other end of the "S" hook 5) The subphase should then be poured into the trough. The surface of the subphase should be about 1-2mm over the top of the edge of the trough Cleaning the Subphase 1) Before the Wilhelmy plate is lowered into the subphase, the surface should be cleaned a) Turn on the aspirator pump b) Put the pipette head at the surface of the subphase to suck off any floating material c) Move the pipette around to cover the whole area between the barriers 2) Lower the Wilhelmy plate completely into the subphase and let it sit for a few minutes calculated measured R (Å) Beta x10 -6 Delta x10 -6 Th. ( Figure 10 : This reflectivity data and fit show that the OTS monolayer is conformal to the substrate with a roughness of 5Å. Also, this fit shows that OTS molecules need to be anaylzed as three entities.
OTS Monolayer
C -12 1 Bilayer of Cd-Arachidate Figure 11 : Reflectivity for one LB bilayer of Cd-arachidate. The fit is reasonable and shows that the bilayer is tilted about 15 degrees (see Figure 12) . However the calculated structure shows more detail than the actual structure and implies that the bilayer is not as ordered as depicted in Figure 12 C -13 igure 12: A schematic of the structure that was used to fit the data in Fig. 11 . This fit shows that the Cd head group region must be treated separately from the rest of the bilayer. Also, the length of the hydrocarbon tails used to fit the data (24.1 Å) implies that the tails are actually tilted approximately 15 degrees from vertical.
C -14 5 Bilayers of Cd-Arachidate Figure 13 : Reflectivity from 5 bilayers of Cd-arachidate. The actual structure does not have the very fine detail of the fitted model structure (see Fig. 14) . However, the fit and hydrocarbon tail length, imply that the LB structure is a rigid crystalline structure that is not tilted. This may explain why 5 layer Cd-arachidate films provided better templating for CdS growth than the 3 layer Cd-arachidate films discussed in Appendix B.
• Figure 14: A schematic of the structure used to fit the reflectivity data in Fig. 13 . The structure is not tilted with a bilayer thickness that is comparable to crystalline Cd-arachidate. The expected bilayer thickness for Cd-arachidate is approximateky 56Å. Bilayers #1-4 yield a thickness of 55.6Å +/-1Å. Bilayer #5 yields a thickness of 58.6Å +/-4Å
